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INTRODUCTION 

This report reveals the orientation and depth of many cracks that were found 
nondestructively in 155-mm M483A1 projectile bases (fig. 1). A total of 63 sus- 
pect M483A1 projectile bases were reinspected. As the investigation progressed, 
two cracked bases for M692 and M731 projectiles were included. 

In the past it has been difficult to determine the depth of cracks in metal 
parts without destroying the parts. An early technique had been to cut apart an 
item containing a crack; to meticulously sand, polish, and optically examine the 
crack; and then to record the depth of the crack. This process had to be 
repeated over and over until the crack was consumed completely. Only in this way 
could the profile of a crack's depth be measured. 

Recently, a technique was developed to split a brittle item along its crack. 
The separation revealed the whole crack. Careful machining was required to make 
the item separate along its crack. 

Nondestructive techniques are now available. By the methods discussed in 
this report, the depths of cracks can be measured by both ultrasonic and eddy 
current inspections. Major advantages of these inspections are: (1) measure- 
ments are made faster, (2) the item is preserved for future testing, and (3) 
natural cracks of known size can be used for checking the accuracy of production 
inspection. 

During the investigation, very localized flaws (called "spots") were also 
discovered. 

INVESTIGATION 

Ultrasonic Inspection 

Ultrasonic inspection was done within a water tank which is part of a labo- 
ratory scanner. Bases were positioned under water in the center of a turntable. 
The forward surface of each base (fig. 1) was facing up. This position trapped 
air inside the rear cavity within the boattail. Care was taken to prevent any 
splashing inside the rear cavity (fig. 2) while each base was being placed on the 
turntable (fig. 3). Any droplets of water on the rear face of a base could cause 
raise defect signals. 

All of the metal within the web between front and rear surfaces was 
inspected. Prior investigation had revealed that a 39-degree ultrasonic shear 
wave inside the metal base (7075-T6 aluminum) provided the greatest sensitivity 
for detection of both man-made shallow slots and hemispheres. This same shear 
wave also produced the greatest signal-to-noise ratio (clarity). These optimum 
values of sensitivity and clarity are revealed in figures 4 and 5. 



An S-80 Reflectoscope ultrasonic flaw detector was used to obtain data. 
Ultrasonic C-scans were made at a gain setting that barely revealed the presence 
of a 1.59 mm (0.063 in.) diameter hemisphere in the forward surface of the base. 
A base from an M483 projectile was used as the standard and contained five dif- 
ferent sized hemispherical holes, plus two slots, all on the forward surface. 
(M483 bases are identical to M483A1 bases except the M483 has a longer boattail.) 
All seven targets had been mechanically cut (drilled and sawed) into the aluminum 
surface and were covered with waterproof tape. Calibrations with the standard 
were made at the beginning and end of each day to check the detection sensitivity 
of the inspection process. Since the standard stood taller, the ultrasonic 
transducer had to be raised during each calibration to maintain a constant water 
path. 

The immersion-type ultrasonic transducer had a 6.4 mm (0.25 in.) diameter 
active element with a flat lens. It produced a 5.0-MHz peak frequency broadband 
pulse. 

Ultrasonic C-scans were made of all bases. Most of the C-scans which showed 
flaws (figs. 6 through 29) are included in this report. All detected flaws were 
on the forward surface of the bases. The gain setting for the ultrasonic flaw 
detector was 50 decibels. A sample calibration using the standard is shown in 
figure 30. 

Eddy Current Inspection 

Process 

The eddy current inspection process was accomplished on a metal turning 
lathe. Each base was mounted on a headstock and rotated, first with one face 
outward and then the other, so that both forward and rear faces were inspected. 
An EM-3300 flaw detector was used at a frequency setting of 500 kHz. A standard 
flat surface probe (44B022-4) was used. The probe is rated for use at a fre- 
quency range of 400 kHz to 1 MHz. A base from an M483A1 projectile was used as a 
standard. This standard contained two slots in the rear surface. One slot was 
0.18 mm (0.007 in.) deep, and the other was 0.30 mm (0.012 in.) deep. These 
slots were used to calibrate the inspection process. The cathode ray tube screen 
on the flaw detector was set to register a 1-cm-high signal when a 0.18-mm-deep 
slot was detected. 

After all 63 M483A1 projectile bases were inspected (table 1), nine of 
these bases were selected for a more thorough analysis. In addition, two bases 
for M692 and M731 projectiles from prior work were also included. At the time 
this work was done, the minimum critical crack had been designated as being 3.73 
ram (0.147 in.) deep. The depth of flaws in the 11 chosen bases was as close as 
available to that of the minimum critical crack. 

Four different eddy current probes were tried with the same flaw detec- 
tor on a variable-depth (inclined) slot standard (fig. 31). The goal was to 
obtain optimum discrimination within a slot depth range of 0 to 6.3 mm (0 to 0.25 



in.). Frequencies between 2 and 500 kHz were tried. The eddy current probe with 
the lowest frequency (2 kHz) gave weak response to slot signals. Its large face 
hampered accurate location, and it could not detect the presence of shallow 
slots. The best combination was a 50-to-400 kHz probe, no. A144B022-3 which was 
used at a frequency of 75 kHz. When used on the EM-3300 Multitester, this combi- 
nation produced good discrimination for various depths of slots (fig. 32). 

Lightly drawn lines, often 2.5 mm (0.10 in.) apart, were made in a par- 
allel-line pattern on the surface of the bases. The lines were oriented to cross 
the cracks at approximate right angles. These lines provided intersections with 
the cracks at which eddy current readings were taken. Black felt-tip pen marks 
were used to amplify the position of the cracks. The depth along the inclined 
slot in the standard which gave a matching reading was recorded as the depth of 
the crack. Direction of measurement along cracks was clockwise on the circular 
surface of each base (table 2). 

Limitations of Accuracy 

Eddy current measurements had some limitations. Measurements for cracks 
deeper than 0.30 mm (0.012 in.) were extrapolated (table 1). This extrapolation 
creates error because the relationship between signal amplitude and depth-of- 
crack is not linear. Because of this error in eddy current extrapolation, ultra- 
sonic C-scans were used to designate deep cracks. 

Measurement of Depth Profile of Cracks 

From the 12 bases selected for further analysis, six were found to have 
cracks. Four of the six bases with single cracks are shown in figures 33 through 
36. The illustrated profiles are depth portraits of cracks as they would appear 
if the cracks were on a flat plane. Single cracks that exceed the minimum criti- 
cal depth are illustrated in figures 33 and 34. However, the cracks are well 
removed from the center of the bases. Whether these are actually critical cracks 
is not known now. The other two smaller cracks shown in figures 35 and 36 are 
not critical. Two bases had multiple cracks (figs. 37 and 38). An example of a 
profuse distribution of cracks is shown in figure 38. 

Measurement of Spots 

From the 12 bases selected for further analysis, six were found to have 
spots. Spots are considered to be inclusions or porosity-type-defects. The 
distribution of some of the spots is illustrated in figures 39 through 42. The 
difference in eddy current sensitivity between the use of 500-kHz and 75-kHz 
frequencies is illustrated in figure 42. The three spots shown, which were orig- 
inally detected with the more sensitive 500-kHz probe, are just barely percep- 
tible with the 75 kHz probe. Another difference in eddy current sensitivity is 
illustrated in figure 43.  The deepest spot that was originally measured as being 



greater than 5 ram with 500 kHz eddy current frequency, is measured as 1.8 mm deep 
with 75 kHz frequency. 

Spot size is determined by one reading denoted as "depth." However, sub- 
stantial error can exist in the measurement. Error comes from the difference in 
shape between spot-type defects and the slots that are used to calibrate the 
equipment. Also, the distance beneath the surface where the spot begins contri- 
butes to the error. 

Fluorescent Liquid Penetrant Inspection 

Eleven bases were inspected with fluorescent liquid penetrant (table 3). 
Five of these bases were known to have cracks. Four revealed their cracks (figs. 
44 through 47). Base no. A-CMC/LAAF 4 did not reveal its crack. It was later 
found with eddy current inspection (table 2) that this crack was small, having a 
length of 10 ram (0.4 in.) and a maximum depth of 0.6 ram (0.02 in.). The other 
six bases had spots. Only three of these spots (all in base no. CMC/KAAP 76) 
were revealed by fluorescent liquid penetrant (fig. 48). This occurrence hints 
that the spots in the other five bases were beneath the surface. 

The flaws revealed by fluorescent liquid penetrant were recorded by marking 
over the indications with a black felt-tip pen. The same pen was used with eddy 
current inspection to outline the other flaws that were not revealed by fluores- 
cent liquid penetrant. 

Comparison of Ultrasonic and Eddy Current Inspection Results 

General Findings 

Data from both ultrasonic and eddy current inspection processes are 
listed in table 1. Out of a total of 63 suspect M483A1 projectile bases that 
were inspected, 34 bases were found to contain flaws. About half of the flaws 
were cracks. The remaining flaws were spots. All cracks were found to occur on 
the forward surface.  However, spots occurred on both surfaces. 

Sensitivity 

Sensitivity is defined as the smallest depth of flaw that can be reli- 
ably detected. Eddy current inspection proved to be more sensitive than ultra- 
sonic inspection. Shown below are the depths of cracks and spots detected by 
ultrasonic and eddy current inspections. 



Depth (mm) 
Inspection Crack Spot 

Ultrasonic (only deepest portions      1.5 0.6 
of cracks and spots were recorded) 

Eddy current: 

500 kHz (only deepest portions of    1.5 0.18 
cracks and spots were recorded) 

75 kHz (all portions of cracks       0.10 0.10 
and spots were recorded) 

The sensitivity of 75 kHz eddy current for detecting both crack and spot 
depths is 0.10 mm (0.004 in.). The limit of sensitivity for both 500 kHz eddy 
current and ultrasonic inspections was not reached. However, the ultrasonic 
sensitivity to detect spots should be close to 0.6 mm (0.02 in.) because three 
out of four 0.3 mm deep spots were not detected. 

If a flaw is oriented parallel to the direction of scan of an eddy cur- 
rent probe (or parallel to the direction of ultrasound), its presence will be 
more difficult to detect. For example, in base CMC/KAAP 63 (fig. 13), eddy cur- 
rent inspection failed to detect a spot that had been picked up by ultrasonics. 
The base was reexamined by spinning it in a lathe and carefully moving the eddy 
current probe across the forward surface. No flaw signal occurred. This proce- 
dure was repeated many times with no sign of any flaw. Then, with figure 13 used 
as a guide, the area containing the spot was located. Moving the eddy current 
probe through the located area in a radial direction revealed the spot. However, 
moving the probe in a circumferential direction across the spot (as occurred 
during regular eddy current inspection) failed to reveal its presence. The spot 
is listed as 0.40 mm (0.016 in.) deep (fig. 49). An adjacent spot is barely 
perceptible with eddy current. This base had been rejected by eddy current at 
Kansas Array Ammunition Plant. 

CONCLUSIONS 

For the limited sample size inspected, the following conclusions are drawn: 

1. Two types of defects are encountered in bases: cracks and spots. 
The spots are small in size. They occur in both forward and rear surfaces. Some 
spots are at surface level while others are below. 

2. About half of the flawed bases have spots, Eddy current measurements 
indicate depths of spots as shallow as 0.10 mm (0.004 in.). This depth is the 
limit of sensitivity for 75 kHz eddy current inspection. 



3. Cracks are generally much deeper than spots. The shallowest crack 
encountered is 0.6 mm (0.024 in.) deep. Most of the cracks exceed a depth of 5 
mm (0.20 in.). 

4. All cracks are in the forward surface of the bases. 

RECOMMENDATIONS 

1. A study should be made to determine whether spots are crucial defects. 
This study can be done through destructive analysis of a significant sample size 
of spots. If spots are determined not to be crucial, the induced magnetic field 
of the probe can be enlarged to reduce its sensitivity to small spots. Savings 
can be made by acceptance of small spots. 

2. It is recommended that all 18 M483A1 bases with critical size cracks be 
subjected to a hydrotest-to-fallure, which simulates firing stresses. Such a 
test would reveal data about the critical crack size, as well as the strength of 
cracked bases. 
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Table 3.  Fluorescent liquid penetrant inspection of bases for 
M483A1, M692, and M731 projectiles 

Discontinuity 
indications 

Base* on forward 
(mfr/rec'd from serial no. ) surface 

A-CMC/LAAP 3 X 

A-CMC/LAAP 4 

CMC/KAAP 61 X 

CMC/KAAP 62 

CMC/KAAP 63 

CMC/KAAP 64 

CMC/KAAP 71 

CMC/KAAP 75 

CMC/KAAP 76 

CMC/LSAAP 296 

CMC/LSAAP 305 

X 

X 

Remarks 

Crack. 

Cracks (spider-type) 
extending beyond undercut 
of threads of shoulder 

Crack 

Three spots 

Crack 

* First two listed bases (with prefix A) are used on M692 and M731 projectiles; 
remaining bases are used on M483A1 projectiles. 

13 



Figure 1.  Base for 155-inm M483A1 projectile—forward surface 
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Figure 2.  Base for 155-mm M483A1 projectile—rear surface 
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Figure 3.  Ultrasonic C-scan setup 
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1—Crack 

Figure 6.  Ultrasonic C-scan of M483A1 base CMC/CMC 7 
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Figure 7.  Ultrasonic C-scan of M483A1 base CMC/CMC 8 
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Figure 8.  Ultrasonic C-scan of M483A1 base CMC/CMC 9 
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Figure 9.  Ultrasonic C-scan of M483A1 base CMC/CMC 10 
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Figure 10.  Ultrasonic C-scan of M483A1 base CMC/KAAP 57 
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Figure 11.  Ultrasonic C-scan of M483A1 base CMC/KAAP 61 
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wrench hole 

wrench hole 

Figure 12.  Ultrasonic C-scan of M483A1 base CMC/KAAP 62 
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Figure 13.  Ultrasonic C-scan of M483A1 base CMC/KAAP 63 
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Figure 14.  Ultrasonic C-scan of M483A1 base CMC/KAAP 64 
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Figure 15.  Ultrasonic C-scan of M483A1 base CMC/KAAP 65 
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Figure 16.  Ultrasonic C-scan of M483A1 base CMC/KAAP 66 
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Figure 17.  Ultrasonic C-scan of M483A1 base CMC/KAAP 68 
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Figure 18.  Ultrasonic C-scan of M483A1 base CMC/KAAP 70 
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Figure 19.  Ultrasonic C-scan of M483A1 base CMC/KAAP 71 
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Figure 20.  Ultrasonic C-scan of M483A1 base CMC/KAAP 75 
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Figure 21.  Ultrasonic C-scan of M483A1 base CMC/KAAP 76 
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Figure 22. Ultrasonic C-scan of M483A1 base CMC/KAAP 125 
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Crack 

Figure 23. Ultrasonic C-scan of M483A1 base CMC/LSAAP 296 
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Figure 24.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 303 
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Figure 25.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 305 
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Figure 26.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 306 
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Figure 27.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 307 
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Figure 28.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 308 
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Figure 29.  Ultrasonic C-scan of M483A1 base CMC/LSAAP 309 
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0.5 mm deep slot 

4.8 mm dia 

■ ■-      ■.- ■: ■■ 

W 
■ 

0.2 mm wide x 
0.25 mm deep slot 

.WJ 

3.2 mm dia 

2.4 mm dia 

1.6 mm dia 
hemispherical 

hole in forward 
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Figure 30.  Ultrasonic C-scan of M483 base (standard) 
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0.25 + 0.05 wide slot 

1   dimensions 
millimeters 

Three-quarter scale 

Figure   31.     Eddy  current   standard  with  a variable-depth   (inclined)   slot   in 
an M483A1   base 
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Figure 32.  Vector dot trace for various depths of slots in the 
eddy current standard 
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Depth of crack 
drawn to double scale 

Figure 33.  Profile of crack in M692/M731 base A-CMC/LAAP 3 
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Crack 

Figure 34.  Profile of crack in M483A1 base CMC/LSAAP 296 
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Depth of crack 
drawn to double scale 

Figure 35.  Profile of crack in M692/M731 base A-CMC/LAAP 4 
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Depth of crack 
drawn to double scale 

Figure 36.  Profile of crack in M483A1 base CMC/KAAP 71 
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Figure 37.  Profiles of cracks viewed from outside of M483A1 base CMC/LSAAP 308 
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Figure 38.  Distribution of cracks in forward surface of M483A1 base CMC/KAAP 61 
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Figure 39.  Location and depth of spots on M483A1 base CMC/KAAP 62 
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Figure 40.  Location and depth of a spot on M483A1 base CMC/KAAP 64 
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Figure 41.  Location and depth of a spot on M483A1 base CMC/KAAP 75 
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Figure 42.  Location and depth of spots on M483A1 base CMC/KAAP 76 
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Figure 43.  Depth of spots in forward surface of M483A1 base CMC/LSAAP 305 
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Figure 44.  Fluorescent liquid penetrant indications on M692/M731 base 
A-CMC/KAAP 3 
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Figure 45.  Fluorescent liquid penetrant indications on M483A1 base CMC/KAAP 61 
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Figure 46.  Fluorescent liquid penetrant indications on M483A1 base CMC/KAAP 71 
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Figure 47.  Fluorescent liquid penetrant indications on M483A1 base 
CMC/LSAAP 296 
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Figure 48.  Fluorescent liquid penetrant indications on M483A1 base CMC/KAAP 76 
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Figure 49.  Depth of spots in forward surface of M483A1 base CMC/KAAP 63 
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